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TRACK DRIVE MODE MANAGEMENT
SYSTEM AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 13/326,010, filed on Dec. 14, 2011, which

issued as U.S. Pat. No. 8,985,250 claims priority to U.S.
Provisional Patent Application No. 61/422,949 filed on Dec.
14, 2010. The disclosures of the prior applications are
hereby incorporated 1n their entirety by reference.

FIELD OF THE INVENTION

The present invention relates to tracked vehicles 1n gen-
eral and 1n particular to improvements to tracked vehicles
for reducing wear on the track. Specifically, the mvention
relates to methods for managing the drive mode of a tracked
vehicle, systems for implementing those methods and indi-
vidual components of such systems.

BACKGROUND OF THE INVENTION

Tracked vehicles, such as heavy agricultural or construc-
tion equipment, that routinely operate i rough environ-
ments may suiler from rapid track wear. As a result of this
track wear, the track must be replaced often which 1s
expensive and significantly increases the cost of operation of
the vehicle over time.

Tracks, especially elastomeric tracks are subjected in use
to diflerent wear patterns that depend largely on the intensity
and the type of use of the vehicle. One specific point of
tailure of the elastomeric track 1s the drive lugs. The drive
lugs are used to establish a positive drive connection
between the track and the drive sprocket. Accordingly, when
the track operates at high loading levels, a significant
amount of stress 1s exerted on the dnive lugs to impart
movement to the track. Over time, this amount of stress can
damage the drive lugs ultimately leading to drive lug sepa-
ration from the track carcass.

SUMMARY OF THE INVENTION

As embodied and broadly described herein the imnvention
provides a method for controlling a drive mode of a vehicle
having an engine and a track to propel the vehicle on the
ground, the track capable of being driven by the engine 1n a
plurality of drive modes including a friction drive mode and
a positive drive mode. The method includes:

a) providing a sensor on the vehicle, the sensor generating
an output signal conveying information on a current
drive mode of the track;

b) providing a data processing apparatus including a
machine readable storage encoded with drive mode
control software for execution by a CPU;

¢) processing the mformation output by the sensor with
the software to compute a desired track drive mode and
generating a drive mode control signal;

d) implementing the desired track drive mode 1n response
to the drive mode 1s control signal.

As embodied and broadly described herein the invention

also encompasses a vehicle, having:

a) an engine;

b) an undercarriage including a track for propelling the
vehicle:
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¢) a dnive line coupling the engine to the track, the
driveline capable of driving the track in a plurality of
drive modes, the plurality of drive modes including a
friction drive mode and a positive drive mode;

d) a sensor outputting a signal that conveys information
allowing to establish the current drive mode of the
track.

As embodied and broadly described herein the invention
turther provides an endless track for a vehicle, having a body
having an outer ground engaging side and an iner side
opposite to the ground engaging side. The track also
includes a sensor for sensing a magnitude of force applied by
a drive wheel to the track to drive the track.

As embodied and broadly described herein, the mnvention
yet provides a sprocket for driving a endless track of a
vehicle, the sprocket including a sensor for sensing a mag-
nitude of force applied by the sprocket to the track.

As embodied and broadly described herein, the mnvention
also includes an undercarriage having an endless track, a
sprocket for driving the endless track and a sensor for
measuring a magnitude of force applied by the sprocket to
the endless track when the sprocket drives the track.

As embodied and broadly described herein, the mvention
turther provides a method for operating a vehicle having an
engine and an undercarriage, the undercarriage including:

a) an endless track;

b) wheels supporting the endless track, the engine being
in a driving relationship with the track to propel the
vehicle on the ground;

¢) a tensioning system for controlling a tension of the
track, the method comprising:

1) determining an operational parameter of the vehicle;

11) establishing on the basis of the measured operational
parameter 11 the track tension needs adjusting;

111) operating the tensioning system while the vehicle 1s
in motion to adjust the track tension on the basis of
the establishing.

As embodied and broadly described herein, the mvention
yet provides a vehicle having an engine and an undercar-
riage, the undercarriage including:

a) an endless track;

b) wheels supporting the endless track, the engine being
in a driving relationship with the track to propel the
vehicle on the ground;

¢) a tensioning system for controlling a tension of the
track:

d) a sensor for sensing an operational parameter of the
vehicle:

¢) a data processing apparatus including a CPU and a
memory encoded with software for execution by the
CPU, the software processing data indicative of the
operational parameter to compute a tensioning system
control signal;

1) the tensioning system being responsive to the tension-
ing system control signal to alter the track tension while
the vehicle 1s 1n motion.

As embodied and broadly described herein, the invention
also provides a vehicle having an engine and an undercar-
riage, the undercarnage including:

a) a first endless track on a first side of the undercarnage;

b) a second endless track on a second side of the under-
carriage opposite to the first side;

¢) the first and second endless track being capable of
being driven in a plurality of different modes which
include a positive drive mode and a friction drive
mode;
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d) a control system for regulating the drive mode of the
first track independently from the drive mode of the
second track.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of examples of implementation of
the present invention 1s provided hereinbelow with reference
to the following drawings, 1n which:

FIG. 1a 1s a side elevational view of an agricultural
vehicle using a elastomeric track;

FIG. 15 1s an alternative drive arrangement for an agri-
cultural vehicle;

FIG. 2 1s a side view of a sprocket used for driving a
clastomeric track, showing the relationship between the
drive lugs of the track and sprocket bars;

FIG. 3 1s a front elevational view of an alternative
sprocket configuration with the cavities for receiving the
drive lugs of the track i1n the center of the sprocket;

FIG. 4A 1s a fragmentary side view of a sprocket and a
track illustrating a drive mode sensor according to a non-
limiting example of implementation of the invention;

FIG. 4B 1s a fragmentary side view of a sprocket and a
track illustrating a drive mode sensor according to a variant;

FIG. 5 1s block diagram of a computing platiorm for
generating control signals to regulate the mode of operation
of the track;

FIG. 6 1s a flowchart of a process for managing the track
drive mode of a vehicle;

FIG. 7 1s an enlarged side view of a track illustrating the
location of a strain sensor 1n a drive lug;

FIG. 8 1s an enlarged cross sectional view of a sprocket
bar 1llustrating the location of a strain sensor;

FI1G. 9 1s a flowchart of a process for controlling the power
split between two tracks;

In the drawings, embodiments of the mnvention are 1llus-
trated by way of example. It 1s to be expressly understood
that the description and drawings are only for purposes of
illustration and as an aid to understanding, and are not
intended to be a definition of the limits of the mvention.

DETAILED DESCRIPTION

FIG. 1 1s a side elevational view of an agricultural vehicle
which uses a elastomeric track. The vehicle 10 has an upper
body including a cabin for the operator and housing for the
engine, which can be an internal combustion engine. Alter-
natively, the engine can include an electric motor powered
by a suitable battery. The vehicle 10 also includes a drive-
train coupled to the engine. The drnive train includes the
various components between the engine and the track driv-
ing sprockets, such as a gearbox, clutches and axles for
imparting movement to the track.

The vehicle 10 has an undercarriage 12 including a set of
wheels about which 1s tensioned a track 16. The set of
wheels has a drive sprocket 30 and an 1dler wheel 32. In a
variant, both wheels 30, 32 can be driven. The track 16 1s
mounted on the wheels 30, 32 such that as the wheels 30, 32
turn the track 16 1s caused to move. The undercarriage 12
also includes a set of mid-rollers 40 which are mounted
between the wheels 30, 32 in order to keep the run of the
track 16 between the wheels 30, 32 1n contact with the
ground. The mid-rollers 40 are mounted on a suspension
system 42 allowing the mid-rollers 40 to yield upwardly
when the vehicle 10 rides over obstacles.

The undercarriage 12 further includes a tensioning system
to tension the track 16. In a specific and non-limiting
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example of implementation the tensioning system operates
hydraulically, however other possibilities exist without
departing from the spirit of the invention. For instance, the
tensioning system may be mechanical 1n nature and may use
mechanical components, such as cables levers, pulleys or
springs to vary the pressure on the track 16. The system can
also be electrical and use electrical actuators to vary the
track tension.

The tensioning system illustrated 1in the drawings operates
hydraulically and includes a hydraulic ram 44 mounted
between a fixed portion of the undercarriage and short arm
46 to which the wheel 32 1s pivotally connected. As the
piston 34 of the hydraulic ram 44 extends, this causes the
short arm 46 to pivot clockwise and change the position of
the wheel 32 with relation to the wheel 30. If the piston 34
1s extended, the wheel 32 will thus move further away from
the wheel 30, thus increasing the tension in the track 16.
Conversely, if the piston 34 is retracted, the opposite eflect
takes place and the tension in the track 16 diminishes.

FIG. 15 illustrates an alternative track arrangement. FIG.
15 1s a side view of an undercarriage that can be used to
support and propel an agricultural or a construction vehicle
and which 1s of a type that mounts to a drive axle; 1n practice
a vehicle would normally require at least two of those
undercarriages at the rear end, which 1s the drive end, and
two front wheels to support the front end of the vehicle.
Alternatively, the two front wheels can also be replaced by
tracked undercarriages as well, 1n which case the vehicle
will be supported on 1ts four corners by tracks.

The undercarniage 106 includes the necessary mechanical
components to run a track 12b6. The track 1256 has an outer
ground engaging surface 146 and an opposite inner surface
165. The width of the track 126 can vary according to the
specific vehicle application.

The track 1256 1s supported by a series of wheels that
define a generally triangular track path. That path has a
lower run 185 which 1s a ground engaging run. When the
vehicle 1s being driven it 1s supported on the ground engag-
ing run 185.

The series of wheels that support the track 125 include a
drive sprocket 2056 which 1s mounted on top, two generally
opposite 1dler wheels 2256 and a series of mid-rollers 24b
mounted between the 1dler wheels 225. The mid-rollers 2456
engage the iner surface of the ground engaging run to
maintain the ground engaging run 185 in contact with the
ground during the operation of the vehicle and also to at least
partially carry the vehicle weight. The mid-rollers 245 are
mounted on a suspension system (not shown) allowing the
mid-rollers 246 to yield upwardly when the vehicle rides
over obstacles. Also, the undercarriage 1056 1s provided with
a suitable track tensioning assembly that uses hydraulic
pressure to maintain the desired tension 1n the track 1256. For
convenience and clarity this track tensioning system has not
been shown m FIG. 15, 1t being understood that it 1s
generally similar to the track tensioning system discussed 1n
connection with the undercarrniage example illustrated 1n
FIG. 1a.

The drnive sprocket 206 1s coupled to an axle of the
vehicle. The axle turns at a speed selected by the operator of
the vehicle.

FIG. 2 illustrates in greater detail the mechanical rela-
tionship between the track 16 and the sprocket 30, it being
understood that the arrangement shown 1n FIG. 15 operates
1s a similar manner. The sprocket 30 engages drive lugs 57
on the track 16. Specifically, the track 16 has a carcass 52
having an outer face 54 and an 1nner face 56. Drive lugs 57
are mounted to the inner face 56. The drive lugs 57 are made
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from elastomeric maternial and are located at equally spaced
intervals from one another. The drive lugs 57 fit in respective
sockets 58 formed on the periphery of the sprocket 30. The
dimensions of the sockets 58 and their spacing matches
those of the drive lugs 57, such that as the sprocket 30 turns
the drive lugs 57 mesh with the respective sockets 58.

The sprocket 30 that 1s shown 1n FIG. 2, includes a central
disk like structure 60 from which axially project a series of
pins 62 defining between them the sockets 58. The sprocket
30 has two series of pins 62 one on each side of the disk like
structure 60. This arrangement allows using on the track 16
two series of drive lugs 57, each series meshing with a
respective set of pins 62.

An alternative arrangement 1s shown in FIG. 3, which
illustrates a front view of a sprocket 64, where the sockets
58 are formed 1in the center of the sprocket 64. In this
arrangement the track 16 (not shown) has a single row of
drive lugs 57, which are centrally located and mesh with the
sockets 58. In this form of construction, the sprocket 64
includes a pair of disks 66, 68 that are spaced apart and
connected to one another via the pins 62 which define
between them the sockets 38.

The sprocket 60, 64 can transmit motion to the track 16
by two different mechamisms. The first 1s the friction drive
mode and the second 1s the positive drive mode. In the case
of the sprocket 64, during the friction drive mode, the
friction developed between the peripheral surfaces of the
discs 66, 68 and the flat inner surface of the track, which
engages those peripheral surfaces can be 1s suflicient to drive
the track. The tension which 1s built 1n the track 16 by
operation of the hydraulic tensioning system can produce a
significant amount of friction which 1s suflicient to drive the
track 16 1n certain conditions During the friction drive mode,
the drive lugs 57 mesh with the sockets 58 but there 1s little
strain applied on drive lugs 57.

Beyond a certain degree of power loading, the friction
drive mode transitions to the positive drive mode. The
reaction force acting on the track 16 as the vehicle 10 moves
can overcome the Iriction between the track 16 and the
peripheral surfaces of the discs 66, 68. This produces a small
degree of slip between the peripheral surfaces of the discs
66, 68 until the drive lugs firmly engage the pins 62. At that
point no further slip i1s possible and the driving force 1s
communicated to the track mostly via the drive lugs 57.

A drive mode sensor can be used to determine when the
track 16 transitions from the friction drive mode to the
positive drive mode. FIG. 4A 1s a simplified 1llustration of an
example of implementation of the drive mode sensor that
works by detecting slippage between the sprocket 60, 64 and
the track 16. Slippage 1s indicative of an impending transi-
tion from the friction drive mode to the positive drive mode.
In FIG. 4A, the peripheral surface of the sprocket 60, 64
driving the track 1s identified by 400. This peripheral surface
400 1s 1n rolling contact with the portion of internal surface
of the track 402 that 1s smooth surfaced, as the track moves.
The sprocket 60, 64 1s provided with a drive mode sensor
having a series of sensing eclements 404. Each sensing
clement 404 includes a roller that can turn about 1ts pivot
axis. Each roller 1s positioned such that 1ts peripheral surface
1s generally flush with the peripheral surface 400. Fach
sensing element 404 1s connected to a digital encoder or to
any other signal generator that issues a signal when the
sensing element 404 undergoes a certain angular displace-
ment. The degree or displacement necessary to cause gen-
eration of a signal can vary; 1t can be as little a fraction of
a degree or as much as a quarter of a turn.
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When the track 16 1s 1n the friction drive mode there 1s no
relative movement between the inner surface 402 of the
track and the surface 400. Accordingly, as the sprocket 60,
64 turns, the sensing clements 404 repeatedly come 1n
contact with the 1nner surface 402 but they are not subjected
to any rotation, hence no signal 1s produced. However, 11 a
slip occurs, which as indicated previously may indicate the
transition to the positive drive mode, that slip will cause one
or more of the sensing elements 404 to turn and produce a
detectable output signal.

Advantageously, the signal 1s communicated over a wire-
less link to a recerver mounted on the undercarriage or at any
other convenient location. The drive mode sensor may be
provided with a suitable power source, such as a battery
mounted on the sprocket to supply electrical energy to the
individual sensing elements and to the wireless transmuitter.
Optionally, a slip ring can be used to communicate the signal
generated by the drive mode sensor, when a hard wired
system 1s deemed more appropriate.

In specific implementation, the drive mode sensor 1s
designed such that each sensing element 404 reports to the
receiver individually. In this fashion, the receiver can moni-
tor the angular position of each sensing element 404 inde-
pendently. This feature allows comparing the various read-
ings from the sensing elements 404 to confirm that indeed a
slip has occurred. Since at any given moment a series of
sensing c¢lements 404 engage the inner surface 402 of the
track, 1t a slip occurs, that slip will register on each one of
the sensing elements 404 that 1s in contact with the track 16.
If an angular displacement is reported by a series of the
sensing clements 404, and that angular displacement gen-
crally has the same magnitude, then the occurrence of a slip
can be more conclusively established. On the other hand, 1f
only one of the sensing elements 404 reports an angular
displacement, but no other sensing element 404 reports an
angular displacement, then a slip 1s unlikely to have
occurred.

In addition to the occurrence of slippage between the
peripheral surface 400 of the sprocket and the inner surface
402 of the track 16, the drive mode sensor can also measure
the degree of slip which 1s related to the degree of angular
displacement of the individual sensing elements 404.

In a possible vanant, the drive mode sensor 1s a non-
contact sensor. One possibility of implementing a non-
contact sensor 1s shown in FIG. 4B. The drive mode sensor
includes a series of permanent magnets placed at equally
spaced 1intervals along the track. Induction coils 502 are
placed near the periphery 400 of the sprocket. A detection
circuit, not shown measures the output of each induction coil
502. If there 1s any slip, the signal pattern produced by the
respective induction coils 502 will change which can be
sensed. As 1n the case of the previous embodiment, the
output signal of the individual induction coils 502 can be
communicated over a wireless link to a recerver.

Yet another possible variant of the drive mode sensor (not
shown 1n the drawings) can also be considered, which uses
an optical detector. This drive mode sensor variant uses
marks on the track and on the sprocket 60, 64 that can be
read optically, 1n order to determine of there 1s any slippage.
Slippage 15 sensed when there 1s a phase shift between pulse
trains output by the optical reader associated with the
sprocket and the optical reader associated with the track.
Specifically, the side edge of the track 1s provided with a
series of marks which can be bars, dots or any other trace or
impression which can be sensed when 1t passes by an optical
reader. The reader can include an optical source, such as a
laser beam and a receiver which senses the retlection of the
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beam over the surface of the track. Since the marks disturb
the beam reflection, this disturbance can be used to detect
the passage of individual marks. The same arrangement 1s
provided on the sprocket, namely a series of marks on the
surface of the sprocket which are read by an optical reader.
When there 1s no slippage, each optical reader produces a
pulse train and the pulse trains associated with the track and
with the sprocket 60, 64 are 1n a generally static phase
relationship. If slippage arises, the phase relationship waill
change.

Yet another possibility to determine the drive mode 1s to
use a strain sensor in the individual drive lugs 57 or 1n any
other suitable location of the track 16. Each drive lug 57 or
only some of the drive lugs 57 can be provided with strain
sensors to detect the force applied on the drive lugs 57 by the
sprocket 60, 64. An example of a strain sensor 1s a load cell
that can measure force applied to the drive lug 537. When the
track 1s 1n the friction drive mode, little or no force will be
applied on the drive lugs 57. In contrast, when the track 16
transitions to the positive drive mode, the force acting on the
drive lugs 37 will substantially increase. The strain sensor
can be any type of sensor suitable to provide a force reading
when load 1s applied on one of the faces of the drive lug 57,
the one that 1s engaged by a pin 62. Accordingly, as the pin
62 presses on the face of the drive lug 57, the force 1s sensed
by the strain sensor and an output signal 1s generated. FIG.
7 1llustrates a possible example of implementation of a drive
lug 57 in which 1s mounted a strain sensor. To this end, the
drive lug 57 can be designed with a suitable cavity 700 1n
which the strain sensor 702 can be located. The strain sensor
702 has a sensing part that 1s adjacent the face 704 of the
drive lug 57 which 1s engaged by the pin 62. A suitable
power source, such as a battery, a piezo-electric element or
an 1nduction antenna can power the strain sensor 702 and 1t
1s provided with a transmitter to wirelessly report the force
to a recerver mounted on the undercarriage or at any other
suitable location on the vehicle 10.

Advantageously, when multiple strain sensors are pro-
vided on the track 16, each strain sensor being mounted to
a respective drive lug, each strain sensor 1s uniquely 1den-
tified such that 1ts force reading can be distinguished from
force readings of other strain sensors. Digitally encoding the
force reported by the strain sensor and appending to the
force value a unique identifier can accomplish this. In this
fashion, the receiver and the data processing unit that
performs the analysis of the force values reported by the
strain sensors can associate received force values to respec-
tive drive lugs.

In an alternative embodiment shown 1n FIG. 8, the strain
sensors, such as load cells, can be mounted to the sprocket,
instead of being mounted to the drive lugs 57. In this
tashion, the track 16 has no drive mode sensing capability.
The strain sensors are mounted on the sprocket at locations
that engage the drive lugs 57. In the examples of the
sprockets described earlier, this would be the bars 62. The
bars are provided with cavities 800 in which the strain
sensors 802 are mounted such that when the bars 62 engage
the drive lugs 57, force registers on the strain sensors.

An advantage of the drive mode sensor that senses strain
to determine the drive mode over the drive mode sensor that
detects slip 1s the ability to sense when the track transitions
back from the positive drive mode to the friction drive mode
or, more generally when the loading applied to the track is
no longer suflicient to overcome the Iriction between the
track and the sprocket.

A recerver (not shown) mounted on a suitable location on
the vehicle 10 picks up the output of the drive mode sensor.
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The output 1s a signal reporting slip or force. The signal 1s
processed by a data processing device that will determine
the drive mode of the track and will then generate a control
signal to perform a control function.

Yet another possible way of implementing a drive mode
sensor 1s to use an indirect approach instead of a direct
measuring technique. For example, a torque sensor can be
provided in the power train that determines the amount of
torque that 1s being applied on the sprocket 60, 64. Since the
torque applied on the sprocket 60, 64 1s directly related to the
drive mode of the track 16, then by reading the torque 1t 1s
possible to infer whether the track 16 1s the friction drive
mode or in the positive drive mode. Note that in this
example, the drive mode determination 1s not being directly
measured and 1t 1s based on a theoretical drive mode
transition value at which the transition between the friction
drive mode and the positive drive mode 1s known to occur.

A variant of the drive mode sensor which operates 1ndi-
rectly determines the drive mode by observing the opera-
tional condition of the engine of the vehicle 10 and derives
the amount of power, hence torque that 1s being produced.
In this method of implementation the drive mode sensor uses
a computer implemented engine parameters map that cor-
relate engine parameters to torque produced by the engine.
Possible engine parameters include RPM, throttle opening
percentage, intake manifold pressure, amount of fuel being
injected, temperature and i1gnition timing among others.
Accordingly, the system can infer the torque generated at
any given moment by searching the map on the basis of the
current engine parameters to identily the corresponding
torque value. Once the torque produced by the engine 1s
known, the torque value applied on the sprocket 60, 64 can
be derived on the basis of the gear ratio that 1s being used to
transmit the drive power Ifrom the engine to the sprocket 60,
64.

FIG. 5 illustrates a block diagram of a non-limiting
example of implementation of a data processing device 600.
The data processing device 600 1s a computing platiform
having a CPU 602 that communicates with a machine-
readable storage device 604 over a data bus 606. An 1nput/
output interface 608 connects to the data bus 606. Input
signals that convey data to be processed by the data pro-
cessing device 600 are received at the mput/output interface
608. Similarly, output signals directed to components of the
vehicle 10 which are controlled by the data processing
device 600 also transit via the mput/output interface 608.

The machine-readable storage medium 604 1s encoded
with software that 1s executed by the CPU 602. The software
performs the processing of the mputs signals and generates
output control signals on the basis of a control strategy.

The mput signals that are applied to the input/output
interface 608, include:

1. The output of the drive mode sensor. As discussed
previously, the drive mode sensor can report the occur-
rence and/or degree of slip between the sprocket 60, 64
and the track 16. Alternatively, the drive mode sensor
can report the force acting on the drive lugs 57 or acting,
on the sprocket components that engage the drive lugs
57. The signal stream, 1n addition to conveying slip
and/or force can also convey the idenfifier of the
respective sensor that has generated the data. The drive
mode sensor can also report torque information. In one
example the torque information is provided by a torque
sensor indicating the torque acting on the sprocket 60,
64 and that 1s in turn acting on the track 16. The degree
of torque applied on the sprocket 60, 64 determines to
a large degree the drive mode of the track 16. In this
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instance, the torque value can be used 1n a feedback

control loop that regulates the operation of the engine,

for 1n turn controlling the drive mode of the track 16.

Note that the torque sensor can output torque 1nforma-

tion which 1s not directly measured but 1s dertved by

correlating the engine parameters to the torque value, as
discussed above.

. Output from operator console. This signal 1s generated

in response actuation of a control by the operator. The

control may be a mechanical control such as lever or
button or may be an electronic control. The control

conveys a command to the data processing device 600

to control the vehicle 1n a predetermined fashion, by

using as an input the drive mode sensor. Examples of
possible control include:

a. Keep the vehicle at all times 1n the friction drive
mode. This 1s suitable for light duty operations where

the engine and/or drive train are managed such that

the track remains in the friction drive avoiding or
limiting transitions to positive drive mode.

b. Keep the vehicle as much as possible 1n the positive
drive mode and use the iriction drive mode as an
assist. In this example, the vehicle 1s in the positive
drive mode all the time, which 1s accomplished by
operating the hydraulic track tensioning system at a
relatively low pressure. A low pressure reduces sig-
nificantly the force pressing the track against the
smooth surfaces of the sprocket 60, 64 thus reducing
the friction between them. As such, when the vehicle
starts moving or operates at low power loadings, the
force applied on the track by the tensioning system
1s low which practically negates the friction drive
mode. At higher power loadings, however, the force
1s applied to the drnive lugs 57 1s significant, the
friction drive mode 1s 1nvoked as an assist to the
positive drive mode. This 1s accomplished by
increasing the hydraulic pressure 1n the track ten-
sioning mechanism to increase the track tension and
consequently the force urging the track against the
smooth surfaces of the sprocket 60, 64. In this
fashion, the vehicle operates by using both drive
modes, positive drive with friction drive assist. The
friction drive assist can pass some component of the
power loading to the track that would otherwise be
passed through the drive lugs 57. Accordingly the
amount of stress the drive lugs 57 experience 1s
reduced by at least some degree. The degree of the

friction drive assist can be tailored by varying the

hydraulic pressure 1n the track tensioning system; the
higher the pressure the higher the friction drive assist
will be. There are limits to the possible increase of
the hydraulic pressure but the track tensioning sys-
tem 1s usually designed to support a certain range of
pressures which allows dynamically varying the
hydraulic pressure within that range in order to
dynamically vary the extent of the friction drive
assist according to the operational conditions of the
vehicle. A side benefit of using the friction drive
assist, that 1s imvoked only when needed, i1s the
reduced wear on the components of the undercar-
riage, such as bearings, mid-rollers of i1dler wheels.
When the track 16 1s run most of the time in the
positive drive mode, the hydraulic pressure in the
track tensioning system 1s kept relatively low 1n
order to negate the friction drive mode or to reduce
it; the loading that the track exerts on those mechani-
cal components 1s consequently reduced. Accord-
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ingly, those components may not need to be replaced

or repaired as often as under an arrangement where

the tension 1n the track 1s maintained consistently at

a higher level.

c. Control the transition between the iriction drive
mode and the positive drive mode, such as by
“smoothing” the torque application on the sprocket
60, 64 to reduce the rate of force increase acting on

the drive lugs 57 when the track 16 transitions from

the friction drive mode to the positive drive mode.

The output signals that are released by the input/output
interface 608 are as follows:

1. Internal combustion engine regulation. One or a set of
control signals to regulate the operation of the internal
combustion engine such as to control the torque that 1s
being supplied to the sprocket 60, 64 driving the track.
The control can be such as to regulate the amount of
power produced by the engine (such as for example
regulating the throttle opening, the RPM, the ignition
timing, rate of fuel injection) to control the torque
produced by the engine.

2. Driveline regulation. “Driveline” 1s considered to be
the mechanism that transmits power from the engine to
tracks of the vehicle. Controls the operation of the
driveline to reduce the occurrence of torque spikes that
may produce stress 1n the drive lugs 57. The control
may involve modulating a clutch such as to limit the
amount of torque being applied to the sprocket 60, 64.

3. Track tensioner. This output signal regulates the
amount of hydraulic pressure applied by the hydraulic
tensioner to the track 16. The pressure can controlled 1n
any suitable way, such as by controlling the pressure of
the hydraulic pump.

The mformation that 1s recerved by the various inputs of
the data processing module 600, 1n particular the input from
the operator console and the drive mode sensor 1s processed
by software stored in the machine readable storage 604 in
order to generate control signals that will manage the drive
mode of the track 16. The logic built 1n the software
determines the control strategy that will be implemented.
Several different control strategies can be considered
examples of which will be discussed below:

Maintaining the Track in the Friction Drive Mode
This particular control strategy can be implemented as a

result of a command input by the operator which 1s conveyed

by the control signal sent to the input/output interface 608 of
the data processing module 600 or it may be triggered 1n any
other way. The purpose of the control strategy 1s to regulate
the operation of the track 16 such as to avoid that the track
16 transitions to the positive drive mode, or at least delay
this transition. FIG. 6 1s a flowchart of a specific example of
implementation of this control strategy. The process starts at
step 700. At step 702, the data processing module 600 waill
determine the current drive mode of the track. This can be
done by reading the output of the drive mode sensor. The
drive mode sensor, whether it senses slip, force acting on the

drive lugs 57 or provides torque information, generates a

real time 1ndication of the track drive mode.

Note that the output of the drive mode sensor may require
preprocessing by the data processing module 600 before the
system concludes that the track i1s 1n any particular drnive
mode or a transition between drive modes 1s occurring. For
example, when several sensors are placed on the track or on
the sprocket 60, 64, the pre-processing operation would
correlate the readings of the different sensors for more
accuracy. A slip sensor of the type 1llustrated at FIGS. 44 and
4b will report a slip event as a set of concurrent multiple




US 9,975,554 B2

11

outputs from a number of sensing elements 404, 502, not
merely one. Accordingly, 1f multiple angular displacement
readings are concurrently observed, then the logic concludes
that a slip has occurred. In contrast, 1f only one of the sensing
clements 404, 502 reports an angular displacement and the
adjacent sensing elements 404, 502 do not report angular
displacement then the logic concludes that a signal artifact
1s present and disregards the output. When a strain sensor 1s
used, either on the track 16 or in the sprocket 60, 64, the
logic considers the number of the drive lugs 57 on which
force above a certain threshold 1s being applied before
concluding that the track 1s 1n the traction drive mode. If the
signal shows that force above the threshold that signals the
transition to the positive drive mode 1s being applied on a
series of drive lugs, especially when the drive lugs in the
series are adjacent, then the logic concludes that the track 16
1s 1n the positive drive mode. A series of adjacent drive lugs
reporting force 1s consistent with the normal force distribu-
tion profile on the track 16 where the drive force applied by
the sprocket 60, 64 at any given time 1s applied only at the
drive lugs 57 that mesh with the sprocket 60, 64. On the
other hand, 1f the drive mode sensor reports force above the
set threshold on only one drive lug 57, the logic assumes a
signal artifact. The force at which the transition 1s consid-
ered to occur 1s a value than can be set as a parameter 1n the
software being executed by the data processing umt 600.
That parameter may be programmable depending on the
specific vehicle and the specific track being used. In order to
determine the track drive mode, the logic compares the force
that 1s being reported against the transition level. If the
transition level 1s higher than the force currently applied
then the track 1s likely 1n the friction drive mode. Otherwise
the track 1s 1n the positive drive mode.

Different types of information may be dernived from the
output produced by the drive mode sensor, depending on the
nature of the sensor that 1s being used. I the drive mode
sensor senses slip, the indication 1s generally unidirectional
in the sense that the indication of slip shows a transition
between the friction drive mode to the positive drive mode,
but not the reverse. If the drive mode of the track 16 changes
again and there 1s a transition back to the friction drive mode
the slip sensor 1s not likely to detect 1t since the track 16 will
not slip back on the sprocket 60, 64. In contrast, a drive
mode sensor that senses force applied at the interface drive
lug/sprocket will show the transition from the friction drive
mode to the positive drive mode and also the transition
between from the positive drive mode back to the friction
drive mode.

Step 704 1s executed after the logic has established the
drive mode of the track. Step 704 1s a conditional step and
determines 1 a positive action 1s required in order to
maintain the track in the friction drive mode. The condi-
tional step will be answered 1n the negative 11 the drive mode
sensor reports that the track is 1n the friction drive mode. In
contrast, when the drive mode sensor reports that the track
drive mode 1s 1n the positive drive mode the step 704 will be
answered 1n the aflirmative. Note that as long as the condi-
tional step 704 1s answered 1n the negative the processing
returns back to step 702 where the drive mode of the track
1s observed again. The logic remains 1n this continuous loop
as long as the track drive mode remains 1n the friction drive
mode.

If eventually, the conditional step 704 1s answered in the
allirmative, then the processing moves to step 706 where a
control action 1s performed. In this specific example of
implementation, the purpose of the control action 1s to
prevent the track 16 from transitioning to in any significant
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way to the positive drive mode. For istance, if a transition
to the positive drive mode has momentarily occurred, the
action will be such that the drive mode will revert to the
friction drive mode. Several control actions can be 1mple-
mented, either individually or in combination. Examples of
those actions are described below:

1. Manage the torque that 1s applied on the sprocket 60, 64

driving the track 16. The management may include
limiting the value of the torque to a level that such as
to prevent the transition to the positive drive mode. In
other words, at all times the torque value applied by the
drive train to the sprocket 60, 64 1s not allowed to
exceed a certain limit. Objectively, 1n this operational
condition the vehicle 10 may no longer be suitable for
tasks that require a high power loading on the track 16,
such as travel at high speeds, steep climbs or carrying
heavy loads where the torque that 1s required would
cause the track 16 to transition into the positive drive
mode. However, there may be some light duty appli-
cations where the maximal torque value would suflice
and where otherwise, an overly aggressive power appli-
cation by the operator may 1n fact cause the track to
transition unnecessarily to the positive drive mode from
time to time.
In this example, the control action performed at step
700 supersedes operator throttle inputs. I the operator
provides an aggressive throttle input, which commands
for the engine to significantly increase the torque on the
sprocket 60, 64, the control action 700 will condition
the input such that the actual demands on the engine
will be consistent with the control strategy that the
system 1s enforcing.

The actual control of the torque 1s effected by regulat-

ing the operational parameters of the engine of the

vehicle. In the case of a diesel engine, the operational
parameters include a regulation of the amount of diesel
tuel 1njected; the higher the amount of fuel the larger
the power output. Accordingly, the control action step

706 regulates the engine output 1n order to keep the

torque produced below a certain level. The control

action on the engine can be done with or without real
time feedback information. Real time feedback infor-

mation can be obtained from two difierent sources (a)

the drive mode sensor and/or (b) a dedicated torque

SeNsor.

a. Feedback imnformation from the drive mode sensor—
When the drive mode sensor 1s strain based, the force
acting on the dnive lugs 57 provide a real time
indication on the drive mode of the track. The logic
then acts on the internal combustion engine to regu-
late the torque such that the force acting on the drnive
lugs 57 remains less than the value that indicates a
transition to the positive drive mode, or to keep the
rate of force increase on the drive lugs 57 below the
selected level.

b. Feedback information from a dedicated torque sen-
sor—a torque sensor 1n the drive line of the vehicle
can be used to provide operational control owing to
the relationship between the torque applied on the
sprocket 60, 64 and the drive mode of the track 16.
Thus, the logic 1n the data processing module 600
relies on real time torque feedback information to
manage the torque that 1s being applied to the track
16. In order to establish the torque value at which the
drive mode transition takes place the logic of the
software that 1s being executed by the data process-
ing module 600 may be programmed to “learn” the

e
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critical torque value at which the transition will
occur by first observing the output of the drive mode
sensor and correlating that output with the output of
the torque sensor. When the logic observes a transi-
tion 1t records the torque value at which the transition
1s observed and that torque value 1s then used as a
limit to be enforced. This approach would work with
a drive mode sensor that works on the basis of slip;
the occurrence of the slip indicating a drive mode
transition. The torque management can thus be per-
formed on the basis of the torque sensor output that
1s being supplied to the data processing device 600.
The logic will continuously read the torque sensor
output and regulate the engine parameters, as dis-
cussed above 1n order to keep the torque being
applied to the sprocket 60, 64 below the selected
value or to limat.

In another possible implementation, only a torque
sensor 1s being used in the drive line of the vehicle,
which provides real time torque feedback information
and also acts as a drive mode sensor. Since the drive
mode transition 1s related to the torque that 1s being
applied on the sprocket 60, 64 1t 1s possible to deduce
that a drive mode transition 1s occurring when the
torque output reading 1s near or at the nominal torque
value at which the transition 1s expected or known to
occur. On that basis the torque management can be
made.
Yet, 1n another possible embodiment, torque manage-
ment can be made without any drive mode sensor and
without a dedicated torque sensor that directly mea-
sures torque for feedback information. In this case, the
logic on the data processing device 600 1s provided
with a data map, as discussed earlier that infers the
torque output to engine parameters, such as amount of
tuel mjected, Revolutions Per Minute (RPM) and oth-
ers. In order to keep the torque at a certain level, the
logic selects the engine parameters according to this
map such that the operation will not exceed the desired
torque value, which 1s the value known to correspond
to a mode transition. This mode of operation i1s based on
the assumption that the engine operation closely fol-
lows 1ts nominal values on the basis of which the map
has been derived.

Regulating the tensioning system 44 in order to
increase/decrease the tension in the track. The drive
mode of the track i1s determined by a number of factors,
one of them being the degree of tension in the track.
Generally, the higher the tension, the longer the track
will remain 1n the friction drive mode. In the specific
example of implementation, the tensioning system has
a hydraulic ram with a piston 34 that can be extended
or retracted to displace the wheel 32 and thus increase
or decrease the tension 1n the track 16. Accordingly the
hydraulic pressure acting on the piston 34 1s function-
ally related to the tension in the track 16; the higher the
hydraulic pressure, the higher the tension 1n the track
16 will be. Several specific examples of track tension-
ing strategy can be considered, as discussed below 1n
order to maintain the track in the friction drive mode.
Note that this strategy can be implemented while the
vehicle 1s 1n motion. It 15 not necessary to stop the
vehicle 1n order to adjust the track tension.

1. When the friction drive mode 1s selected, say at the
operator console, increase the track tension by a
predetermined degree For example, tracked vehicles
can operate at hydraulic pressures in the range of
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1000 ps1 to 25,000 ps1. A typical vehicle, without a
dynamic track tension adjusting system normally
operates at a hydraulic pressure set in the area of
3,000 psi1, while an industrial vehicle operates 1n an
area ol 6,000 psi. when a dynamic track tension 1s
used, a possibility 1s to set the mitial hydraulic
pressure 1n the track tensioning system at around
6,000 to 8,000 ps1 and increase the pressure up to
25,000 ps1 1n order to maintain the friction drive as
long as possible. The hydraulic pressure 1s increased
in response to a control signal 1ssued by the data
processing device 600. The hydraulic pressure may
be dynamically varied on the basis of the output of
the drive mode sensor. Alternatively, a control strat-
cgy may be used which increases the hydraulic
pressure with the engine power that 1s being pro-
duced. In this form of implementation the data
processing device 600 1s not directly determining the
transition between the friction drive mode and the
positive drive mode. Rather the system increases the
track tension as engine power increases such as to
keep the track 1n the friction drive mode as much as
possible. The relationship between engine power and
the hydraulic pressure can vary. It can be linear, such
that as the engine power increases, the track tension
also increases 1n a linear fashion.

2. When the friction drive mode 1s selected increase the
track tension momentarily when the track 1s near the
transition point to the positive drive mode, such as to
“shift” this transition point by increasing the friction
between the track 16 and the sprocket 60, 64. In this
example, the increase 1n the track tension 1s done by
increasing the hydraulic pressure in the tensioning
system when the torque acting on the sprocket 60, 64
1s at a predetermined point from the torque transition
value. When the torque acting on the sprocket 60, 64
1s less than the predetermined point, the hydraulic
pressure 1n the tensioning system 1s reduced. Accord-
ingly, the hydraulic pressure 1n the tensioning system
varies as the power loading on the track 16 increases.

111. Regulating the tensioning system and managing the
torque acting on the sprocket 60, 64 at the same time.

Both of these actions can be combined to manage the

operation of the track 16 such that it remains 1n the

friction drive mode.

Managing the Transition Between the Friction Drive Mode
and the Positive Drive Mode

This particular control strategy does not try to keep the
track 16 1n the friction drive mode only; 1nstead 1t manages
the transition from the friction drive mode to the positive
drive mode such that loading on the drive lugs 57 that occurs
during the transition i1s controlled to some degree to avoid
unnecessary “shocks” that may damage the drive lugs 57
over the long run. One possibility 1s to perform torque
management, to control the rate of torque increase on the
sprocket 60, 64 such that if the track transitions to the
positive drive mode, the transition 1s made more gently thus
limiting the strain “shock’™ acting on the drive lugs 57. In this
example, the control action limits the torque increase over
time to a certain rate which 1s considered to be acceptable or
desirable. This maximal rate 1s a parameter that 1s program-
mable according to the specific vehicle and track used on the
vehicle. The torque rate increase management 1s carried out
according to the possibilities discussed earlier.
Maintaining the Track in the Positive Drive Mode.

This particular control strategy aims to maintain the track
as much as possible in the positive drive mode, and uses the
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friction drive mode when the power loading on the track 1s
significant 1n order to provide an assist function. This control
strategy 1s 1mplemented by regulating the track tension; the
higher the tension the more significant the friction between
the track and the sprocket 1s. In contrast, the lower the
tension of the track the lower the friction.

During normal vehicle operation, when the power loading
on the track does not exceed a certain threshold, the track
tension 1s maintained sufliciently low such that the track
operates as a practical matter in the positive drive mode. The
track tension being maintained low has an advantage; the
force acting on the various components of the undercarriage
that support the track 1s reduced and as a consequence there
1s less wear on the system.

When an operational condition 1s reached at which the
friction assist 1s to be mvoked, data processing device 600
1ssues a control signal to direct the track tensioning system
to 1ncrease pressure. In a specific example of implementa-
tion, the amount or degree of Iriction drive assist can be
related to the power loading on the track. At a certain power
loading threshold, the friction drive assist 1s invoked by
initiating an increase in the tensioning system hydraulic
pressure. If the power loading further increases, the friction
drive assist 1s also increased by augmenting the hydraulic
pressure further. This increase may continue up to the
maximal hydraulic pressure the tensioning system can pro-
vide. The relationship between the power loading and the
track tension can be linear or non-linear and that relationship
may hold for power loading increases or power loading
decreases as well. In other words, when the power loading
on the track diminishes so does the track tension.

In a specific and non-limiting example of implementation,
the hydraulic pressure can be varied in the range from about
1000 psi1 to about 23,000 ps1, more preferably 1n the range
from about 3000 psi1 to about 25,000 ps1 and most preferably
in the range from about 6,000 ps1 to about 25,000 psi.

Yet another possible form of implementation of the fric-
tion drive assist function is to provide a sprocket arrange-
ment that has a contact interface with the track with con-
trollable friction characteristics. For instance the surfaces
66, 68 of the sprocket can be arranged such as to be 1n rolling
contact with the inside of the track. This 1s achieved by
constructing the surfaces as two concentric rings, where the
outer ring can freely pivot over the inner ring. The track rests
on the outer ring. Since the outer ring can freely pivot on the
iner ring, the track 1s, for all practical purposes 1n rolling
contact with that ring. This means the sprocket can only
drive the track via the positive drive mode since the rolling
contact precludes {iriction between the concentric rings
arrangement and the nside surface of the track. By provid-
ing a suitable clutch system between the concentric rings, 1t
1s possible to control via the control signals discussed earlier
the ability of the outer ring to freely turn on the inner ring.
In this fashion, by engaging the clutches the outer ring is
locked against rotation to the inner ring, thus precluding the
rolling contact with the track. Accordingly, when the
clutches are engaged, the outer surfaces 66, 68 provide a
friction drive mode assist function.

The clutches are mounted to the sprocket and are actuated
according to the desired friction characteristics. In a specific
example the clutches have two friction surfaces mounted on
respective rings; when the surfaces are disengaged the rings
are Iree to rotate but when they are engaged the surfaces are
no longer free to rotate and are locked to one another thus
enabling the iriction drive mode. The clutches can be
actuated electrically and powered via a slip ring or any other
suitable device. The reader will appreciate that instead of
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using clutches, other devices can be employed that can
selectively lock the two nings to each other such as to
preclude rotation.

The power loading on the track can be determined directly
such as by reading the output of a strain sensor (1n the track
or in the sprocket) or by reading the output of a torque
sensor. Also, the power loading can be determined indirectly
on the basis of the specific set of operational conditions of
the engine or even by reading the vehicle speed, vehicle
weight and inclination (rate of grade that the vehicle 1s
climbing) to compute the power loading that 1s being applied
to the track.

The data processing device 600 which 1s used to manage
the operation of the track 16 can also be used to collect data
relating to the usage of the track 16. Referring back to FIG.
5, the data processing device 600 1s further provided with a
data log 608, which 1s a machine readable storage 1n which
data relating to the usage of the track can be stored.
Additionally, software can be provided in the machine
readable storage 604 to process the information in the data
log 608 to extract useful statistics or forecasts.

The data log can store the following information that 1s
generated 1n the course of the operation of the data process-
ing device 600;

a. Number of hours the track 16 has operated in the

friction drive mode;

b. Number of hours the track 16 has operated 1n the (1ull)
positive drive mode;

¢. Number of transitions between the friction drive mode
and the positive drive mode;

d. Profile of the strain applied on the drive lugs 57, such
as the average strain while the track 16 has operated 1n
the positive drive mode.

The information stored 1n the data log 608 can be used as
such to provide useful knowledge about the track usage
history. For example, this information can be used by the
track manufacturer to decide whether a warranty would
apply 1n any particular case. The information can be made
available to a user by channeling 1t through the input/output
interface 608 for display on the operator console or to be
loaded on a service device reader that connects temporarily
to the mput/output interface 608.

The data 1n the data log 608 can be processed by software
to provide indications to the operator that can help with
extending the life of the track 16 or more generally better
manage the track operation. In one possible example, the
software 1s designed to count the different events that the
track 16 has encountered and to compare them to predeter-
mined values 1n order to compute:

a. If the track 16 1s due for an mspection. This can be
computed on the basis of any suitable formula taking
into account the track usage statistics. For instance, the
manufacturer may have determined that a track 1nspec-
tion 1s needed after X number of total hours of opera-
tion when at least 50 percent of that time has been
performed 1n the positive drive mode.

b. Approximate life expectancy of the track 16, computed
on the basis of the track usage pattern. For instance a
track may be known to last at least Y hours of total
usage which 1s to be discounted by 20% when the track
has spent more than 50% of 1ts use 1n the positive drive
mode.

c. Relative “health” of the drive lugs 57, especially when
a strain sensor 1s used to directly measure the force
applied on the drive lugs 57 by the sprocket 60, 64. For
instance if a drive lug 57 reports less strain than
adjacent drive lugs 57, this may be an indication that
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the drive lug 57 1s tailing (the drive lug yields as a result
of internal failure). In turn this information may be used
as an 1ndicator to replace the drive lug 57, if the track

16 1s designed to use or accept replaceable drive lugs
57.

The information so computed can be displayed to the
operator at his console either when that information 1is
requested by the operator or automatically when certain
events occur that may indicate the need for action, such as
an mdication of the need of an immediate inspection of when
a drive lug may be failing.

The control actions discussed earlier may be performed
concurrently on the both tracks of the vehicle or 1n a
selective manner, such that the control action on one of the
tracks 1s different from the control action acting on the other

track.

The selective control action can be implemented by
providing the vehicle with two independent control chan-
nels, where each control channel 1s associated with a respec-
tive track. Each control channel includes a dedicated data
processing device 600 and associated sensors such as to
handle the control function for each track independently. In
this fashion, the vehicle has dual drive mode sensors one for
cach track, supplying information on the drive mode. The
output of each drive mode sensor 1s processed independently
and independent control signals are generated. For example,
when the control strategy varies the track tension, the
tension 1n each track 1s regulated independently. At any
grven moment, the tension 1 one track can be different from
the tension 1n the other track. This approach allows a more
precise control. For instance, if the control strategy 1s to
maintain each track in the friction drive mode as much as
possible, the tension 1n each track will be adjusted as per that
particular track behavior.

Objectively, this approach would require two separate
track tension mechanisms, where each mechanism can oper-
ate at a diferent hydraulic pressure. In addition, duplicate
sensors would also be required. However, the overall effect
1s to provide the vehicle with a more precise track control
system.

Note that some control strategies may not be fully inde-
pendently implemented. For instance, a control strategy that
regulates the power output of the engine would be the same
for both tracks since a single engine drives both tracks.
Independent control 1s possible at the drive line level, where
the power application to each track can be individually
adjusted. The driveline allows independent regulation of the
power flow to each track, hence independent control strat-
cgles.

Note that the various sensors provided primarily to con-
trol the track drive mode can also be used for additional
control functions. Referring 1n particular to the implemen-
tation that measures the strain at the interface drive lugs
57/bars 62, those outputs can be used to control the traction
control system of the vehicle. This 1s 1llustrated in the
flowchart of FIG. 9. The process starts at step 900. At step
902 the data processing device 600 reads the strain acting on
the drive lugs 57 of each track. If the strain acting on the
drive lugs 57 of each track 1s the same, this means that both
tracks are not slipping on the ground. No control action 1s
therefore necessary. However, 1 the strain i1s significantly
different, this implies that one track 1s slipping. In this case
the control action at step 904 1s performed. The purpose of
this control action 1s to adjust the power split such that the
track that 1s slipping receives a less power than the one not
slipping. This regulation 1s at the drive line level. The logic
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1s run continuously such that at any given time the power
split between the tracks can be altered to account for traction
differences.

Although various embodiments have been 1llustrated, this
was for the purpose of describing, but not limiting, the
invention. Various modifications will become apparent to
those skilled 1n the art and are within the scope of this
invention, which 1s defined more particularly by the attached
claims.

The mvention claimed 1s:

1. A system for controlling a vehicle that comprises a
tracked undercarriage for traction of the vehicle, the tracked
undercarriage comprising a track for engaging the ground,
the system comprising:

a sensor configured to be part of the track and monitor the

tracked undercarriage; and

a processing apparatus configured to process a signal

derived from the sensor to perform an action control-
ling the vehicle.

2. The system of claim 1, wherein the processing appa-
ratus comprises a receiver configured to receive the signal
derived from the sensor.

3. The system of claim 2, wheremn the receiver 1s a
wireless recerver configured to wirelessly receive the signal
derived from the sensor.

4. The system of claim 1, wherein the tracked undercar-
riage comprises a drive wheel for driving the track and the
sensor 1s configured to sense an interaction between the
track and the drive wheel.

5. The system of claim 4, wherein the iteraction between
the track and the drive wheel 1s slippage between the track
and the drive wheel.

6. The system of claim 4, wherein the interaction between
the track and the drive wheel is a force between the track and
the drive wheel.

7. The system of claim 1, wherein the sensor 1s a wireless
SEeNsor.

8. The system of claim 1, wherein the sensor 1s an optical
SEeNsor.

9. The system of claim 1, wherein the sensor 1s a strain
SENSOr.

10. The system of claim 1, wherein the action controlling
the vehicle 1s an action controlling the tracked undercar-
riage.

11. The system of claim 10, wherein the action controlling
the tracked undercarriage i1s an action controlling power
applied to the tracked undercarnage.

12. The system of claim 11, wherein the tracked under-
carriage comprises a drive wheel for driving the track and
the action controlling power applied to the tracked under-
carriage 1s an action controlling power applied to the drive
wheel.

13. The system of claim 1, wherein the tracked undercar-
riage 1s configured to drive the track 1n a plurality of drive
modes that includes a friction drive mode and a positive
drive mode, and the action controlling the tracked under-
carriage 1s an action controlling 1n which of the drive modes
the track 1s driven.

14. The system of 38, wherein the tracked undercarriage
comprises a tensioner for tensioning the track and the action
controlling the tracked undercarriage 1s an action controlling
the tensioner.

15. The system of claim 1, wherein the action controlling
the vehicle 1s 1ssuance of a control signal to a component of
the vehicle to control the component of the vehicle.

16. The system of claim 15, wherein the component of the
vehicle 1s the tracked undercarriage.
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17. The system of claim 1, wherein the sensor 1s located
inside the track.

18. The system of claim 1, wherein the sensor 1s disposed
within elastomeric material of the track.

19. The system of claim 1, wherein: the track comprises
a ground-engaging outer surface, an inner surface opposite
to the ground-engaging outer surface, and a plurality of
projections projecting from the ground-engaging outer sur-
face and the mner surface; and at least part of the sensor 1s
located between the ground-engaging outer surface and the
inner surface.

20. The system of claim 1, wherein: the track comprises
a ground-engaging outer surface, an inner surface opposite
to the ground-engaging outer surface, and a plurality of
projections projecting from the ground-engaging outer sur-
face and the mner surface; and at least part of the sensor 1s
located 1n a given one of the projections.

21. The system of claim 20, wheremn: the projections
include traction projections projecting from the ground-
engaging outer surface and wheel-contacting projections
projecting from the mner surface; and the given one of the
projections 1s a given one of the wheel-contacting projec-
tions.

22. The system of claim 21, wherein: the wheel-contact-
ing projections include drive projections configured to
engage a drive wheel for driving the track; and the given one
of the wheel-contacting projections 1s a given one of the
drive projections.

23. The system of claim 1, wherein the sensor 1s a first
sensor, the system comprises a second sensor configured to
be part of the track and monitor the tracked undercarriage,
and the processing apparatus 1s configured to process the
signal derived from the first sensor and a signal derived from
the second sensor to perform the action controlling the
vehicle.

24. A machine-readable storage medium storing software
for controlling a vehicle that comprises a tracked undercar-
riage for traction of the vehicle, the tracked undercarriage
comprising a track for engaging the ground, wherein the
soltware, when executed by a processing entity, causes the
processing entity to:

receive data derived from a sensor that 1s part of the track

and configured to monitor the tracked undercarriage;
and

process the data to perform an action controlling the

vehicle.

25. A tracked undercarriage for traction of a vehicle, the
tracked undercarriage comprising:

a track for engaging the ground, the track comprising a

sensor; and

a track-engaging assembly for driving and guiding the

track around the track-engaging assembly.

26. A track for traction of a vehicle, the track comprising:

a ground-engaging outer surface for engaging the ground;

an mner surface opposite to the ground-engaging outer

surface; and

a sensor disposed within elastomeric maternial of the track.

27. The track of claim 26, wherein the sensor 1s located
inside the track.

28. The track of claim 26, wherein: the track comprises a
plurality of projections projecting from the ground-engaging
outer surface and the inner surface:

and at least part of the sensor i1s located between the

ground-engaging outer surface and the 1ner surface.

29. The track of claim 26, wherein: the track comprises a
plurality of projections projecting from the ground-engaging,
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outer surface and the mner surface; and at least part of the
sensor 1s located 1n a given one of the projections.

30. The track of claim 29, wherein: the projections include
traction projections projecting from the ground-engaging
outer surface and wheel-contacting projections projecting
from the 1nner surface; and the given one of the projections
1s a given one of the wheel-contacting projections.

31. The track of claim 30, wherein: the wheel-contacting
projections include drive projections configured to engage a
drive wheel for driving the track; and the given one of the
wheel-contacting projections 1s a given one of the drive
projections.

32. The track of claim 26, wherein the sensor 1s a first
sensor and the track comprises a second sensor.

33. The track of claim 32, wherein the first and second
sensors are confligured to cause 1ssuance of signals process-
able by a processing apparatus to perform an action related
to controlling the vehicle.

34. The track of claim 26, wherein the sensor 1s config-
ured to cause 1ssuance of a signal processable by a process-
ing apparatus to perform an action related to controlling the
vehicle.

35. The track of claim 34, wherein the sensor comprises
a wireless transmitter configured to wirelessly transmit the
signal.

36. The track of claim 34, wherein the action related to
controlling the vehicle 1s an action controlling a tracked
undercarriage of the vehicle that includes the track.

377. The track of claim 36, wherein the action controlling
the tracked undercarriage i1s an action controlling power
applied to the tracked undercarnage.

38. The track of claim 37, wherein the tracked undercar-
riage comprises a drive wheel for driving the track and the
action controlling power applied to the tracked undercar-
riage 1s an action controlling power applied to the drive
wheel.

39. The track of claim 36, wherein the tracked undercar-
riage 1s configured to drive the track in a plurality of drive
modes that includes a friction drive mode and a positive
drive mode, and the action controlling the tracked under-
carriage 1s an action controlling 1n which of the drive modes
the track 1s driven.

40. The track of claim 36, wherein the tracked undercar-
riage comprises a tensioner for tensioning the track and the
action controlling the tracked undercarriage 1s an action
controlling the tensioner.

41. The track of claim 34, wherein the action related to
controlling the vehicle 1s 1ssuance of a control signal to a
component of the vehicle to control the component of the
vehicle.

42. The track of claim 41, wherein the component of the
vehicle 1s a tracked undercarriage that includes the track.

43. The track of claim 26, wherein the sensor 1s config-
ured to sense an interaction between the track and a drive
wheel for driving the track.

44. The track of claim 43, wherein the interaction between
the track and the drive wheel 1s slippage between the track
and the drive wheel.

45. The track of claim 43, wherein the interaction between
the track and the drive wheel is a force between the track and
the drive wheel.

46. The track of claim 26, wherein the sensor 1s a wireless
SEeNsor.

4'7. The track of claim 26, wherein the sensor 1s an optical
SEeNsor.

48. The track of claim 26, wherein the sensor 1s a strain
SEeNsor.
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49. A track for traction of a vehicle, the track comprising:

a ground-engaging outer surface for engaging the ground;

an 1nner surface opposite to the ground-engaging outer
surface; and

a sensor configured to cause 1ssuance of a signal proc-
essable by a processing apparatus to perform an action
related to controlling the vehicle.

50. The track of claim 49, wherein the sensor 1s located

inside the track.

51. The track of claim 49, wherein the sensor 1s disposed
within elastomeric material of the track.

52. The track of claim 49, wherein: the track comprises a
plurality of projections projecting from the ground-engaging,
outer surface and the inner surface; and at least part of the
sensor 1s located between the ground-engaging outer surface
and the mner surface.

53. The track of claim 49, wherein: the track comprises a

plurality of projections projecting from the ground-engaging,
outer surface and the inner surface; and at least part of the
sensor 1s located 1n a given one of the projections.

54. The track of claim 53, wherein: the projections include
traction projections projecting from the ground-engaging
outer surface and wheel-contacting projections projecting
from the 1nner surface; and the given one of the projections
1s a given one of the wheel-contacting projections.

55. The track of claim 54, wherein: the wheel-contacting
projections include drive projections configured to engage a
drive wheel for driving the track; and the given one of the
wheel-contacting projections 1s a given one of the drive
projections.

56. The track of claim 49, wherein the sensor 1s a first
sensor and the track comprises a second sensor.

57. The track of claim 56, wherein the signal 1s a first
signal and the second sensor 1s configured to cause 1ssuance
ol a second signal processable by the processing apparatus
to perform the action related to controlling the vehicle.

58. The track of claim 49, wherein the sensor comprises
a wireless transmitter configured to wirelessly transmit the
signal.

59. The track of claim 49, wherein the sensor 1s config-
ured to sense an interaction between the track and a drive
wheel for driving the track.
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60. The track of claim 59, wherein the interaction between
the track and the drive wheel 1s slippage between the track
and the drive wheel.

61. The track of claim 59, wherein the interaction between
the track and the drive wheel 1s a force between the track and
the drive wheel.

62. The track of claim 49, wherein the sensor 1s a wireless

SENnsor.
63. The track of claim 49, wherein the sensor 1s an optical
SEeNnsor.
64. The track of claim 49, wherein the sensor 1s a strain
SENSor.

65. The track of claim 49, wherein the action related to
controlling the vehicle 1s an action controlling a tracked
undercarriage of the vehicle that includes the track.

66. The track of claim 65, wherein the action controlling
the tracked undercarriage i1s an action controlling power
applied to the tracked undercarnage.

67. The track of claam 66, wherein the tracked undercar-
riage comprises a drive wheel for driving the track and the
action controlling power applied to the tracked undercar-
riage 1s an action controlling power applied to the drive
wheel.

68. The track of claim 65, wherein the tracked undercar-
riage 1s configured to drive the track in a plurality of drive
modes that mcludes a friction drive mode and a positive
drive mode, and the action controlling the tracked under-
carriage 1s an action controlling 1n which of the drive modes
the track 1s driven.

69. The track of claim 65, wherein the tracked undercar-
riage comprises a tensioner for tensiomng the track and the
action controlling the tracked undercarriage 1s an action
controlling the tensioner.

70. The track of claim 49, wherein the action related to
controlling the vehicle 1s 1ssuance of a control signal to a
component of the vehicle to control the component of the
vehicle.

71. The track of claim 70, wherein the component of the
vehicle 1s a tracked undercarriage that includes the track.
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